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(57) ABSTRACT

Wind turbine rotor comprising a hub, a plurality of blades,
at least one pitch system for rotating a blade substantially
along its longitudinal axis and at least one pitch retention
system, wherein a pitch retention system comprises a cam
profile and a cam follower, and one of the hub and a blade
comprises said cam profile and the other of the hub and
blade comprises said cam follower, and wherein the cam
follower comprises a pushing member and a contact mem-
ber, wherein the pushing member is arranged to push the
contact member towards the cam profile, and the cam profile
comprises a local depression, and wherein the cam follower
and cam profile are arranged such that when the blade is in
a pitch position at or below nominal wind speed, the contact
member can be retained in said local depression.

17 Claims, 6 Drawing Sheets
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1
WIND TURBINE ROTOR AND METHOD OF
ASSEMBLY THEREOF

This application claims the benefit of European Patent
Application EP 11382237.3 filed on Jul. 13, 2011 and U.S.
Provisional Patent Application Ser. No. 61/534,014 filed on
Sep. 13, 2011.

The present invention relates to wind turbine rotors, and
more particularly relates to wind turbine rotors comprising
at least one pitch mechanism. The invention further relates
to a method of assembling a pitch retention system in a wind
turbine rotor.

BACKGROUND ART

Modern wind turbines are commonly used to supply
electricity into the electrical grid. Wind turbines generally
comprise a rotor with a rotor hub and a plurality of blades.
The rotor is set into rotation under the influence of the wind
on the blades. The rotation of the rotor shaft drives the
generator rotor either directly (“directly driven) or through
the use of a gearbox.

Pitch systems are employed for adapting the position of a
wind turbine blade to varying wind conditions. In this
respect, it is known to rotate the position of a wind turbine
blade along its longitudinal axis in such a way that it
generates less lift (and drag) when the wind speed increases.
In this way, even though the wind speed increases, the torque
transmitted by the rotor to the generator remains substan-
tially the same. It is furthermore also known to rotate wind
turbine blades towards their stall position (so as to reduce the
lift on the blades) when the wind speed increases. These
wind turbines are sometimes referred to as “active-stall”
wind turbines. Pitching may furthermore also be used for
rotation of the blade towards its vane position, when a
turbine is temporarily stopped or taken out of operation for
e.g. maintenance.

Pitch systems generally comprise an electric or hydraulic
motor which, through the use of reduction gearing (some-
times referred to as a “reductor”, or as a “reduction gear”),
drives an actuating gear. Said actuating gear (pinion) is
generally arranged to mesh with an annular gear (crown)
provided on the wind turbine blade to set the wind turbine
blade into rotation. Other actuating mechanisms operated by
a pitch motor are also known.

It is further known to provide an individual pitch system
(comprising a separate motor and separate control) for each
individual wind turbine blade of a rotor. It is also known to
provide a common pitch system wherein the pitch angle of
the blades is the same for all blades on a rotor. Such a
common pitch system may comprise a single motor or may
comprise a plurality of motors, one for each blade.

A control strategy of a pitch system that is often employed
in variable speed wind turbines is to maintain the blade in a
default pitch position at wind speeds equal to or below
nominal wind speed (for example, approximately 4 m/s-15
m/s). Said default pitch position may generally be close to
a 0° pitch angle. The exact pitch angle in or below nominal
wind speed conditions depends however on the complete
design of the wind turbine. Above the nominal wind speed
(for example from approximately 15 m/s-25 m/s), the blades
are rotated to maintain the aerodynamic torque delivered by
the rotor substantially constant. When the wind turbine is not
operating, the blades may assume a vane position (e.g. at or
around 90° pitch angle) to minimize the loads on the blades.
During most of the wind turbine’s life, a blade may however
be in the same pitch position which is that at or below
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nominal wind speed. The nominal wind speed, cut-in wind
speed and cut-out wind speed may of course vary depending
on the wind turbine design.

During operation of the wind turbine, forces may be
acting on the blades that result in a constantly varying torque
around the blade’s longitudinal axis. These forces may
include the aerodynamic torque around the longitudinal axis
of the blade and also, since the blade’s centre of mass is
usually not located exactly on its rotating axis, the weight of
the blade may exercise an additional torque around the
blade’s longitudinal axis. Both these forces are non-con-
stant, largely cyclical and tend to rotate the blade out of the
position determined by the pitch control system.

When a pitch system involving gearing is used, the
varying torque may result in flanks of the teeth of the
actuating gear (pinion) and annular gear (crown) repeatedly
touching each other. Such repetitive contact between teeth
removes thin metallic particles, and may create a tooth print
in the contacting flanks of the crown and the pinion. This
repetitive contact may thus lead to fretting corrosion and
premature wear. Since the pitch position at or below nominal
wind speed is the prevailing position for most wind turbines,
the contact between the teeth and its consequences is usually
concentrated on the same teeth.

In addition, commercially available electrically actuated
brake calipers are generally not able to provide the required
level of retention torque, thus the problem of the flanks of
the teeth of the actuating gear (pinion) and annular gear
(crown) repeatedly touching each other persists.

Some solutions for these problems are known. It
is e.g. known to provide an automatic lubrication system
to try and prevent fretting corrosion. For example, DE-
202005014699U and EP1816346 provide such lubrication
systems. These lubrication systems may help to reduce
fretting corrosion to a smaller or larger extent, but do not
combat or resolve the problem underlying the corrosion of
the teeth flanks contacting each other.

Thus, there still exists a need to achieve blade retention
when no pitching is required.

SUMMARY OF THE INVENTION

In a first aspect, a wind turbine rotor is provided that
comprises a hub, a plurality of blades, at least one pitch
system for rotating a blade substantially along its longitu-
dinal axis and at least one pitch retention system. The pitch
retention system may comprise a cam profile and a cam
follower, wherein one of the hub and a blade comprises said
cam profile and the other of the hub and blade comprises
said cam follower. The cam follower may comprise a
pushing member and a contact member, wherein the pushing
member is arranged to push the contact member towards the
cam profile. The cam profile may comprise a local depres-
sion. The cam follower and cam profile may be arranged
such that when the blade is in a pitch position at or below
nominal wind speed, the contact member can be retained in
said local depression.

According to this aspect, when the blade is in a pitch
position at or below nominal wind speed, the contact mem-
ber is retained in the local depression of the cam profile. This
system adds retention torque to ensure no relative movement
or contact will occur between the annular gear (crown) and
the driving pinion. Furthermore, the retention torque is
substantially only provided at the pitch position at or below
nominal wind speed, when the blade has to be kept in
standstill position. Thus, the system does not hinder or
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negatively influence the normal operation of a pitch system
when not in the pitch position at or below nominal wind
speed.

The retention torque is generated by the pressure exerted
by the pushing member on the contact member. The contact
member is pushed towards the cam profile in such a manner
that the cam follower moves along the cam profile (on
inclined planes of the cam profile). Thus, a tangential
component of such pushing force generates an additional
retention torque. Such retention torque reduces repetitive
contact between teeth flanks, thus reducing fretting corro-
sion and premature wear of the teeth.

In some embodiments the pushing member may be an
elastic member that may be preloaded to compression when
assembling. This way, an elastic force may act in order to
return the elastic member to its natural length depending
upon the shape of the cam profile. The elastic member may
e.g. be a spring, a group of springs, or a bending bar.

In some embodiments, the cam follower may comprise a
support and a rocker and the pushing member may be
arranged between the support and the rocker. This way, a
linear force generated by the pushing member may be
converted substantially into a radial force with respect to the
pitch bearing. The contact between the contact member of
the cam follower and the local depression provided on the
cam profile may thus generate a tangential force and a radial
force which enhance the retention torque.

Additional objects, advantages and features of embodi-
ments of the invention will become apparent to those skilled
in the art upon examination of the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Particular embodiments of the present invention will be
described in the following by way of non-limiting examples,
with reference to the appended drawings, in which:

FIG. 1 shows a perspective of a wind turbine rotor
according to a first embodiment;

FIG. 2 shows an enlarged view of FIG. 1;

FIG. 3 shows a cross-sectional view of FIG. 2 along line
A-A;

FIGS. 4a-4¢ show a sequence of three possible positions
of the cam follower with respect to the cam profile;

FIGS. 5a-5¢ show three alternative embodiments of a cam
follower;

FIG. 6 shows a cross-sectional view of another embodi-
ment;

FIG. 7 shows yet a further embodiment;

FIG. 8 shows an enlarged view of a further embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a wind turbine rotor that may comprise a
hub 10 to which a plurality of blades (not shown) may be
rotatably attached. A pitch mechanism (only partially
shown) may be provided for rotating each blade along its
longitudinal axis. The pitch mechanism may comprise a
pitch bearing 20 between a blade and the hub 10. The pitch
bearing 20 may comprise an outer bearing ring 21 connected
with the hub 10 and an inner bearing ring 22 connected with
a blade (not shown). The inner bearing ring 22 may be
provided with an annular gear 223. The hub 10 may com-
prise a flange 11 for mounting a drive pinion of a drive motor
(neither shown). In some embodiments, the flange may form
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an integral piece with the hub. In others it may be a separate
piece fixed to the hub by welding or by fastening means such
as screws, bolts or similar.

The pitch bearing 20 may further comprise a pitch reten-
tion system 30. The pitch retention system 30 may comprise
a cam profile 31 and a cam follower 32.

As shown in FIG. 1, the cam profile 31 may be radially
fixed to the inner bearing ring 22 and the cam follower 32
may be mounted on the flange 11.

In general, the cam follower may comprise a pushing
member that may push a contact member towards the cam
profile.

FIG. 2 shows an enlarged view of the area enclosed by the
dashed line in FIG. 1.

In the embodiment shown in FIGS. 1 and 2, the pushing
member may be an elastic member 321 which may be
preloaded when assembling.

In alternative embodiments, the pushing member may be
an actuator selected from the group consisting of electrical,
hydraulic or pneumatic actuator. In these cases it is not
necessary to preload it to compression when assembling. In
these embodiments, the actuator may require a control
system for appropriately activating the actuator.

As shown in FIG. 2, the cam follower may comprise a
contact member in the form of a plain bearing 324 at one
end. The plain bearing 324 may be in frictional contact with
the cam profile 31 when the blade is in or near the pitch
position at or below nominal wind speed. FIG. 2 shows the
situation wherein the blade is in the pitch position at or
below nominal wind speed and the plain bearing 324 may be
retained in a local depression 311 provided on the cam
profile 31. According to this embodiment, the cam profile 31
may be arranged in such a manner that the local depression
311 is radially oriented with respect to the pitch bearing.
This way, radial movement of the bearing is avoided. In
alternative embodiments, the cam profile may be arranged in
such a manner that the local depression may be axially
arranged with respect to the pitch bearing. In these cases, the
axial forces pushing the contact member towards the cam
profile may also add some retention torque. In some embodi-
ments, the cam profile may be fixed to the bearing ring, e.g.
through an adapter comprising a plurality of holes to facili-
tate its attachment with bolts or similar.

As shown in FIG. 2, the local depression 311 may be
provided substantially in the middle point of the cam profile
31. Further, the local depression 311 may be flanked by to
sloped planes 312. Thus, upon rotation of the pitch bearing,
the contact member 324 of the cam follower may contact the
cam profile 31 defining a radial displacement of the cam
follower with respect to the inner bearing ring 22. The radial
displacement may be maximum at the end of each sloped
plane 312 of the cam profile 31, at the edges of the local
depression 311. The inclination of the sloped planes 312
may ensure a smooth transition from a no radial displace-
ment position (rest position) of the cam follower, i.e. when
there is no compression in the case of an elastic pushing
member, to a maximum radial displacement position of the
cam follower.

In the embodiment shown in FIGS. 1 and 2, the elastic
member 321 may be an elastomeric cylinder. In other
embodiments, the elastic member may be selected from the
group consisting of a polymer spring, a metal spring or a
group of springs.

In the embodiment shown in FIGS. 1 and 2, the cam
follower may further comprise a support 322 which may be
fixed to the flange 11 provided on the hub. The cam follower
may further comprise a rocker 323 that may tilt about a shaft
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327 provided between two upward flanks a, b of the support
322. In these cases, the elastic member 321 may be arranged
between a rear portion of the rocker 323 (distanced from the
shaft 327) and the support 322.

Further, the plain bearing 324 provided on the cam
follower may be mounted on a shaft (see also FIGS. 3 and
5a-5¢, reference 326) that may be rotatably housed inside
the rocker 323. The plain bearing 324 can thus rotate about
this shaft upon relative movement between the blade and the
hub.

In some cases, the support 322 may be bolted or screwed
to the flange 11. In the embodiment shown in FIGS. 1 and
2, the support 322 may have a square base which may be
bolted to the flange 11 using four bolts 325 (only three of
them are visible).

FIG. 3 shows a cross-sectional view of FIG. 2 along line
A-A. In FIG. 3 the elastic member 321 may be arranged
between a rear portion (schematically indicated by arrow ¢
defined by a dash line) of the rocker 323 (at a certain
distance from the shaft 327) and the support 322. This way,
the rocker 323 may transform the linear load exerted by the
elastic member 321 into a radial pushing force on the plain
bearing 324. Said radial pushing force may push the plain
bearing 324 towards the cam profile 31. The amount of
elastic force exerted by the elastic member 321 may depend
on the shape of the cam profile 31. The plain bearing 324
may be mounted on a shaft 326 that may be rotatably housed
inside the rocker 323 in order to ensure the rotation of the
plain bearing 324. In the embodiment shown in FIG. 3 the
shaft 326 may be a cylindrical shaft that may be mounted on
two bearings b1, b2.

In alternative embodiments, the contact member may be
a cylindrical member that may be mounted on the shaft
through a ball bearing. In others, it may be a spherical
member fixed to the shaft. In yet, further embodiments, the
contact member may be a spherical surface directly
machined in the shaft. In general, the contact members may
be made of steel.

FIGS. 4a-4¢ show a sequence of three possible positions
of the cam follower 32 with respect to the cam profile 31
when an inner bearing ring 22, connected to a blade (not
shown), may be rotated in the direction of arrow A changing
the blade’s pitch position.

FIG. 4a shows a situation in which the blade may be in the
pitch position at or below nominal wind speed. The plain
bearing 324 of the cam follower 32 may be retained on the
local depression 311 of the cam profile 31. The plain bearing
324 may thus be retained between the two points of maxi-
mum radial displacement M wherein the retention force is
maximum (resulting from the addition of a radial force plus
a tangential force).

FIG. 4b shows a situation in which the blade may be near
the pitch position at or below nominal wind speed. This
situation may correspond to a wind speed just above nomi-
nal wind speed. The plain bearing 324 of the cam follower
32 may be in frictional contact with one of the sloped planes
312 of the cam profile 31.

FIG. 4c¢ shows a situation in which the blade may not be
near the pitch position at or below nominal wind speed. This
situation may correspond to a wind speed well above the
nominal wind speed. The plain bearing 324 of the cam
follower 32 may not be in contact with the cam profile 31
and an elastic pushing member of the cam follower may not
be compressed.

It will be clear that e.g. the shape of the shaft and the
number of bearings supporting it may be varied in accor-
dance with, for example, bearings standard sizes and costs.
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FIGS. 5a-5¢ show some possible embodiments for the shaft
326 and for mounting it inside the rocker 323 in order to
ensure the rotation of the plain bearing 324 when being
pushed towards the cam profile 31.

In FIG. 5a the shaft 326 may comprise a cylinder body
mounted through two annular bearing b1, b2, one at each
end of the cylinder body.

In FIG. 5b the shaft 326 may comprise a first cylinder
portion p1l mounted through an annular bearing b3, a trun-
coconical portion p2 and second cylinder portion p3
mounted through a second annular bearing b4. The second
cylinder portion p3 may have a narrower diameter than that
of the first cylinder portion pl. The embodiment shown in
FIG. 5c¢ differs from that of FIG. 55 in that the first cylinder
portion may be mounted through two annular bearings b3,
b6.

In all cases the bearings b1-b6 may be e.g. plain or roller
bearings.

FIG. 6 shows a cross-sectional view of a further embodi-
ment which differs from the embodiment described in FIG.
3 in a reinforcement ring 23 that may be radially fixed to an
inner side 222 of the inner bearing ring 22. In these cases,
the cam profile 31 may be attached (e.g. screwed or glued or
welded) to the reinforcement ring 23. Such a reinforcement
ring 23 may absorb internal tensions and may transform
them into a homogeneous tension distributed all through its
surface. Thus, the reinforcement ring 23 may avoid defor-
mation of the bearing.

FIG. 7 shows an embodiment of the cam follower 32 that
may comprise a preloading bolt 328 arranged between the
rocker 323 and the support 322. The preloading bolt 328
may be arranged between two shafts, a first floating shaft 33
comprising a threaded hole and mounted on the rocker 323
and a second floating shaft 34 comprising a hole and
mounted on the support 322.

This way, the compression of the elastic pushing member
321 may be carried out by tightening the preloading bolt 328
between the two shafts 33, 34. Therefore, a pre-compression
of the cam follower can be done before assembly. Said
pre-compression can also be removed once mounted.

FIG. 8 shows an embodiment wherein the pushing mem-
ber may be a bending bar 35 that may be preloaded to
compression by torsion. The bending bar 35 may be
mounted on the flange 11 provided on the hub. In some
embodiments, the bending bar may be fixed to the flange via
a yoke mechanism (not shown) this way the bending motion
of the bending bar can be converted into a linear motion/
force to be transmitted to the contact member. In this
embodiment, the contact member may also be a plain
bearing 351 mounted at the top of the bending bar 35. The
plain bearing 351 may be in frictional contact with the cam
profile 31 when the blade is in or near the pitch position at
or below nominal wind speed. The plain bearing 351 may be
mounted on the bending bar 35 by a shaft (not shown)
rotatably housed inside the bending bar 35 and arranged
substantially as hereinbefore described (see FIGS. 5a-5¢) in
order to ensure the rotation of the plain bearing 351 on the
cam profile 31.

Although only a number of particular embodiments and
examples of the invention have been disclosed herein, it will
be understood by those skilled in the art that other alternative
embodiments and/or uses of the invention and obvious
modifications and equivalents thereof are possible. Further-
more, the present invention covers all possible combinations
of the particular embodiments described. Thus, the scope of
the present invention should not be limited by particular
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embodiments, but should be determined only by a fair
reading of the claims that follow.

The invention claimed is:
1. A wind turbine rotor, comprising:
a hub, a plurality of blades, at least one pitch system for
rotating a blade substantially along its longitudinal
axis, and at least one pitch retention system,
the at least one pitch retention system comprising a cam
profile and a cam follower, wherein
one of the hub and the blade comprises the cam profile
and the other of the hub and the blade comprises the
cam follower,

the cam follower comprises a pushing member and a
contact member, wherein the pushing member is
arranged to push the contact member towards the
cam profile,

the cam profile comprises a local depression, and

the cam follower and cam profile are arranged such that
when the blade is in a pitch position at or below
nominal wind speed, the contact member can be
retained in the local depression.

2. The wind turbine rotor of claim 1, wherein the contact
member is a plain bearing that is in frictional contact with
the cam profile when the blade is in or near the pitch position
at or below nominal wind speed.

3. The wind turbine rotor of claim 1, wherein the pushing
member is an elastic member that is preloaded in compres-
sion.

4. The wind turbine rotor of claim 3, wherein the elastic
member is a bending bar.

5. The wind turbine rotor of claim 3, wherein the elastic
member is selected from the group consisting of a polymer
spring, a metal spring or a group of springs.

6. The wind turbine rotor of claim 1, wherein the cam
follower comprises a support and a rocker and the pushing
member is arranged between the support and the rocker.

7. The wind turbine rotor of claim 6, wherein the contact
member is mounted on a shaft rotatably housed inside the
rocker.

8. The wind turbine rotor of claim 6, wherein the cam
follower further comprises a preloading bolt.

8

9. The wind turbine rotor of claim 8, wherein the pre-
loading bolt is arranged between two shafts, a first floating
shaft comprising a threaded hole and mounted on the rocker
and a second floating shaft comprising a hole and mounted
on the support in such a manner that when the bolt is
adjusted, the pushing member can be compressed.

10. The wind turbine rotor of claim 1, wherein an inner
pitch bearing ring comprises a reinforcement disc radially
fixed to an inner side of the inner bearing ring and the cam
profile is mounted on the reinforcement disc.

11. The wind turbine rotor of claim 10, wherein an outer
diameter of the reinforcement disc is slightly bigger than an
inner diameter of the inner bearing ring such that the
reinforcement disc and the inner bearing ring are shrink-
fitted together.

12. The wind turbine rotor of claim 1, wherein the cam
profile is mounted on a pitch bearing ring or a reinforcement
disc by an adapter.

13. The wind turbine rotor of claim 1, wherein the cam
profile is arranged in such a manner that the local depression
is radially oriented with respect to a pitch bearing rotational
axis.

14. The wind turbine rotor of claim 1, wherein the cam
profile is arranged in such a manner that the local depression
is axially oriented with respect to a pitch bearing rotational
axis.

15. A method of assembling the pitch retention system of
claim 1 in the wind turbine rotor, the method comprising:

placing a pitch bearing in a pitch position corresponding

to the nominal or below nominal wind speed;

w

30 fixing the cam profile to a pitch bearing ring or a rein-
forcement disc;
preloading the pushing member into compression;
placing the cam follower with the compressed pushing
i member in contact with the cam profile;

fixing the cam follower to another pitch bearing ring; and

removing the preload on the pushing member.

16. The method of claim 15, wherein the cam profile is
fixed to the blade and the cam follower is fixed to the hub.

17. The method of claim 15, wherein the cam profile is
fixed to hub and the cam follower is fixed to the blade.
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